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(54) SfciHi<o£»;J ^^^xhr^^^^^jsES^fiSt-ew&Je)©! nP£fi 



(57) [^fF»*©iEH] 

0»«« 1 ] In P»RO±fc, *fc1^l¥#{*©??M 
*&fflxlf*:£S/*A/jSfiS-tiS5ISfc:, I n PliO^ 

Rsmg^-DfcLT, (ioo) fr5©«*ftea\ 
i x i o- 3 d'/2 *»js-r*sffi*ffiffl-rsci:*«Fa 

^Mtextf^^^l/figgS^SKgl;:, InPlffi^ 

l. 2 6 x i o- 3 D" 2 j&rSS-rs*«*ffifflf«<ii: 
*W« 1 ? 5 f k-&«#y»«:x t? * + >Hfcft# Sc. 

ffi±O^H&af«*Dfcl/T. (10 0) 

ZtctiXD I n Plfc 



70 



[»*^4] ffi±»^KSmS«:Di:LT. (100) 

fr<z><Dm%ftet>\ e^i. 2 6xio- 3 d i/2 

T, *©±Kft^W*ai««ffl|*affixl£^ + S/ + 7l/« 
S^-tfSfcai© I n PSfc 

[0 00 1] 

L£SLL©5pJffl#Ifl cofBBti, {fc^rft¥a»<*<DS*g 
©±tefk^¥*f*©»M*«fflx tf * * ~> - v * 

So it&M^mfcgfotLTlt, GaAs, I nPSJ! 

«j«»<0»)«*xe^4 1 '>'+;l/«SS-&*IR»j:, Mix 

^^■wi/Hca^/si^ens. ^faxtr^^-wi/ 

iSfCfi, MOCVD (*^««fflxtf^*^-) , M 
BE (»f»x^?*~>-) s i'n^KCVD, /»5 
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YFCVD, &Etf&%> 0 *$£Wte^iFtifot>mmir% 

[0 0 0 2] 

g^ffifc: n >y * t p? tftiS Qtto*:Hi*^ C £ -5 

[0 0 0 3] CT^.tf#M^2-2 3 9 1 8 8#fci\ ^ffi 70 

tt (100)S^51° -7° fflttteHSWpo^x/NO 
±^»il*xtr*4 i s/^;i/«ft'r5fcv>5S'ffi ,, e«*o 

L *n L u — *f<D j; 5 fc; ^® jc ^ u - ^ ^ > y 
S^O^§^?^^^^^-^T>y;l/0^x/\^ffi 
5ctm^ 0 (loo) ^tXh^^XAMi 

[0 0 0 4] LfrbCO^X/vefe. ^RS^"C*Sfe<0 

T\ »¥2-2 3 9 1 8 8#H\ (10 0) ffifrS 
0. 1° -0. 5° ffl^fcffi^0^x/N*fflt,>T\ S 
«iSfi*6 0 0°C~7 0 0°CtCLT^ffixtf^^S/^;l/ 

[0 0 0 5] »B¥5-3 0 1 7 9 5#«. {fc£ft¥W 
tt^Mffix tf * * - v >l/*ft OBH*:*ffi»*:«*-r £ Htt 
^»*«6-rcfc*MH*i:'rSo «)xao (i oo) 50 

0. 01 IV 1 - 5 +6. 21X10 2 °r 7 ^0^0. 
2 0 

a-issns^^sav^ *o 

[0 0 0 6] #r^9S6 4-3 2 6 8 6^te, InGaA 
s©7^7^>xt>hm- F^ftS'TSBSfc/NV-T 
F/S«ffi*/Hl^**^ (100) A^±0. l'Kfi© 
Utt'SSInP^XA^I^n^, HD^^ 
»£f££U ^x/xoHWC. T^v^xJl^JKfftf 
tf6o< i:v^B31S^feSi:JE^Ti/^o ftt* (10 
0) 1^5 0. 2° -0. S'ffi^cInP^^ffl 

tMS^tSc t*aj|Ltv^o cntCcfcDUn^ 
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[000 7] Sff^Bg 64-22072 m& I n P CD P I 
N* h***- F*/^>f F«*a8ftafc<koTSifFr 

(100) fr&0. 2° -0. 5° I^/cI nPl 

[0008]#M6 4-1 5 9 1 4^ InPli 

<D±\Z I n G a A s P ©SJg|& if*/N5>f F&lC £ D x 
fc^^-wWafiU SBHepfc-rSJt&fc:, (1 0 

0) ±0. 1° ©In P^x/N^rfflv^i:, t:n7^ 

* © TMjpfflflW St L < ft * fc IRM«B* L T v> 
So ^CT% (100) 3d^0. 1°— 0. 5° il^c 
I nP^x;v££gJiu c<D±fc:^-f Fr£&c<fc!9 I n 
G a A s P©*I*a*«SS«o HWOiS— tt*** 

[0 0 0 9] #r^¥ 1 -2 7 0 5 9 9#». (100) 
I n PS1£<D_ttCMB EST^;KfPlMML 
fc«^, PL C7* h;l/5*yfe>X) aJBHSEtfa 

^3raH*»tt"rSo (111) BEA^O. 

5° -2° ©ffl#*«rOI nPlKffl^T^Kf 

fc* (10 0) ^fa^x/v^/B^tHc (111)«)X 

[0 0 10] fif^4-7 3 6 1 0#tt. m^#F*ls- 

tc, (1 1 1) Bffi^O. l°~l°«W£GaAs 
mfcttm^T, MBESfc:*0«i4iW^t;W 
S^tSC^^IlTV^o GaAslI© (1 1 

1) fr&©ffl€?#C<E>ffiBTfe££. xt?*4^>-v;Wl 
teiiStc&OPL C7* F;l/^^^-lr>x) 3£jg£>;*:^ 
l>fcV^o (0 0 1) *x/N«fcDfc«nT^*fcfflllfL 

[0 0 1 1] #fP)036 2-8 8 3 1 8#«. 

(Ill) Bffi£?)0. 1° —1° (DWirnvm^fcG a 
A sIS^V>TMB E(Cd;^xtf^^>tMl^T 
oTKo (001) ffi^XA^fo/cl^J: DtPL 
3ft«*^*V>fc^5 ci:S:^T^5o WM¥3-1 6 
9 9 3 (10 0) G a A s »g±k::Stffl/£g£-£ 

fcxif^^^^^/lfc^nXM^^tPftftiStt*^ 

ft¥»*r^/ci6^. (100)1^60. 5°-10°S 

^fc^x/vfefflv^^ao 

[0 0 12] W2-2 8 8 2 2 (10 0) G 

a A sIStCA IGa'AsSMB ETfltSS-SSHEM 

KffitcLTV^So lM (10 0) ffifr&tfyTftfclcfco 
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Tf££*r&^RST*&'K ifio (100) ffi^eo-rn 

#0. 15°M ISKttO. 0 5° WrtfcL*** 

[0 0 13] Wl - 1 2 8 4 2 3*§ti. MB EXtt 
MO — M B Elc^D G a A s *tfi<D±tcT;!/^ — ^ A£r 

t\ S«<Dffi;£ffi«:£¥ffifr 5 0. 5 ° - 1 0 ° £>§6H 
[0 0 14] 70 

#fiffifb**« i n PSfi« (i o 

o) ffi^^i^f^^tt^ch^^n^o nm. 

(10 0) *P6««-TV*o 

[0 0 15] cn^^»MOlS H s H ®^5cOM^/c:^^# 

BB#tt, HIi:«*#l"e«IOHlLfc«ET«oTfe, ^<£> 
[0016] (100) k:W-rsa*o^ft0ti|B|i; 
(1 0 0) sfr&ffiBfte*fl«eu cwcj^xe* 50 
[0017] 

wcmz*?\zuy ?$&£.mmm&\<\ asfc&assico 
x ^ * * *y -v ^srs^etir- £ c &4&m<o s 

[0 0 18] 

»iilt§o *KB8#fia«O^B«fi (EPD), 
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[0 0 19] fcekny^SSIS^ftftt, #389! 

[0 0 2 0] *fg0£#f;i I n PStStC I n P«xlf 

^/•flfc StfiOT^E PD^2 5 000cm- 2 0)l 
£\ (10 0) fr£>CD«*fte#0. 2 0 tun?*tu£ 
llO^irttftira^LftV^ ISWEPD^300 
0 cm- 2 <O^tte*<0. 0 7° «±Tfetl(ftD7 
*tfS4Lft^o EPD^l 000c m~ 2 <D»&M\ 

o. o 4 ° fiUit'feWf to ^ ccd&o 

[0 0 2 1] of ^)HS<?)S¥B (10 0) *^to«* 
ft6*> B>1. 26xio~ 3 D 1 / 2 tirZ> 0 CCT\ 
DteEPD (cm" 2 ) TfeD. 6 lift ft (° ) T*«SIL 

fu) »si6ffi±-etf6ov^Tfeo. m^wm^-vrnm 

-3D 1 ' 2 fc:£oT^*£ 0 CO^lWWSo 
[0 0 2 2] 

^Dm-nmc, (ioo) *^©«^e*iaafci*4&T 

ntfSlfiS«©^|ftffiftfe:«#-r«(DT»*ao ft#£>W 
«tt$fc£<D<fc-3fc:e> 1 . 2 6xi0" 3 D 1 /2 GSMi 
62: 1 x 1 0- 3 D 1 / 2 ) fcioTSBtiCtffM 

[0 0 2 3] fcny*«fg£SH*&^<fc 5 
c co cfc -5 fcffiSWI 8 lltt*K<Dfc»teft <0^'>Hc i « 

sBfttc cfc o t«»d«j d m lb ftssae-r * k ^ 9 
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[0 0 2 4] 

i$mm\ (ioo) frz&znmemfffi^rci np. 

Vjl/^-<D±IC^ OMVPEffiJCfeO. InP/InG 
aAs/In P/l<£ D &Sif M£/£g£-£/c 0 S^cOlS 
tft6(i0° ~0. 2° T&So S^rUJ^{i:8 7 3 
K, /SBSSgfi 1. 0/im/hrt«ofLTi±I 
0) I n P^MtCii^nfcllP^^cOg!(^x.T, mt&CD 

^mtoffimzm^rco ^wtmm-tfz 5000cm 

" 2 . 3 0 0 0 cm' 2 , 1 0 0 0 cm" 2 ©l^O^T 

(ioo) fr£<DSt£<Dffi^e£, tuvwmmw 

[0 0 2 5] T^EPD^l 0 0 0 c m~ 2 <7)t§^ S 

fa<DmmfttfQ=o-£tetuy?mmtf iooocm 

9 = 0. 0 3° 7?Muy>7[$ 1 0 0 cm- 2 gjgtC^ 
So 8=0. 0 4° T^a^mjKfci: 

0tC{g~prS o ¥±§EPD7b^3000 cm- 2 cO^ 
6 = 0° T3 00 0cm- 2 £OiSt$l)o 9 = 
0 . 04° WlOOOcm" 2 SiSKlMSo 9 = 0. 

0 6° T&3 0 0 cm" 2 gjglcSSo 9 = 0. 0 7° 
Ttt t: p >y * ffifttf o fc: & S 0 

[0 0 2 6] TOEPD^25O00 
8 = 0*T*tlP^^S[^2 5 0 0 0 cm- 2 £OgJgT?fe 
S 0 9 = 0. 04° ntoy^ffiStf2 50 00 cm 
- 2 ^git^§ 0 0. 0 7° Tfil 0 00 cm- 2 T^ 
So 8 = 0. 2 0° <DmcW*bTKxny?mmif i OlZ{& 
TT£o C(OHK<^*fftt. mB£&l. O/im/hrt* 
iSS#T = 8 7 3 K (6 0 0°C) TfeSo LfrUflSfc* 
4 5 0 °C— 8 0 0 r^fBH, 0 . 05|i m/ 

hr-20 |im/h r COIBH^CO J; "5 &Hffift<&« 0 

[0 0 2 7] t£TWR<D%M£. t u y ?<DM&T*$>2> 

F e K— y (10 0) '»Xh I nPS^tC InP/I 
nGaAs/In P/l^rOM V P Er£tc£ D^cS^Hifc 
fe<D<DS_U»(0 I n pioy v;l/X*-«W(KJIia-e 
&s Q {ggsttfti 0 0fim o fcRJBttOfcfl&tfJi*. 

[0 0 2 8] 0 3(il^i;K3Stc^^T^tf^^s/^;l/^ 
IlInP/InGaAs/In P*rRfc*U KMLfc 

1 n PlS^Hu b e r Lfcffi<D7 v;PX+ 
-K««P?*"Ci6£o fi*ttl0 0fit**So dOUSS 
0«KriaoJWUB*iK'rKBH*. 02 £03<7)±ICtS 

■To 0 2. Ha^gitttti^n/^i/x^-BWsaw 

[0 0 2 9] m2<DtUyt<D5%£i±LWt. @3^Ii 

s c ut^nd Mftottv^ttK (9 = o) Tti, sts 

= 0 ^TO^C0±tCtin>y^^^LTl/^ 
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So 

[003 0] 01 O^^TfeJ;<^Sct «5^e = o 

<7)±T<D^Pfi (Rffi) tt:P7^l : 1 ttJStCcfcSfc 
kC5^I1fiOffi*ffltf (10 0) fr£fftS£, Sffi 

oo) ffifrs^fti, ^&Qffimftt>mffi&<DtKt&mm 
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[0032] cniiaoi5t#^6n5 0 OMVPE 

tc^O, CC'T»Jgfl#BBJc:ffl*LiiSn**>"P*So 04 

[0033] s«cd (ioo) frzoimmnetf&zcD 

ccTx*;l^-tf{g<. (b77^) <TS 

40 T7XW (10 0) ffitc&Sfr^K T7XOlg^ 
(i^^a-efcSo 

[0 0 3 4] x^XOScDgP^fix^;I/^-7bMgl/^ 
50 H2fcH3k:<feo TiaB£ L rc J: 5 £££ i 
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[0 0 3 5] -7?, f7X««^ o remote C C 
£ D^^XcOStc^t^^cfiiiiEm^fi-efe^o ( 1 0 

0) ®^e^M^^h^v^ii^^xco|§coiS:^>^: 

[0 0 3 6] (10 0) ®^CQM^*#<£:3£. 

fg££r#J;t & c i: f? & © Tfe £ Q 
[0 0 3 7] H^^«iS»<0«bffitCfT< s-e^K««(E 

d o^ffioj^a d - 1 / nc j; o twffit § c £ 
(a, mi) icffimztizw, etf'h^mt 

[0 0 3 8] ^no«^«jH-r5^?i:i/^'5C4:«± 
a/8iD- l/2 0*/M8«Wfcj;5o Ctl^a^fn 
fcJtff!IS»*dA,'e*^3S:»titfft6«:t^o tSkBW 

[0 0 3 9] *LT*aW#OW&-ea:, (gffiffiftDW 
1 0 0 0 c m" 2 cDBffc:, 9 = 0. 04° JM±. 300 
0cm" 2 <DB$tCG = 0. 07° 2 5 0 0 0 cm 

-2conSfc:e = 0. 2° «±"e*Si:. fcn*y*#fg£ * 

R= (a F/0) { 1 -e x p ( 
N= (y F/<5) { 1 -e x p ( 

[0046] miLmmic7-^^m<Dm^p(Dm^r*m 40 

[0 0 4 7] lE^^figS-rsj^^Hny^Srjgfig-r 
IBfflSfcty t FTfe^o f-9XOSl?Hffc-r«JR?H:iE 50 



26X10- 3 (deg-cm) ^fh^^n^o KfttB 

JWR**»6nfto^«*««^^ co«^ttK= l o 
~ 3 (deg-cm) hf^o 

mimmicv-^xmc^m^^mm^a tt§ 0 ^x 

[0 0 4 1 ] 

d R/d t =a F-0R (1) 
d N/d t = y F-6 N (2) 

[0042] F(±^rx(o«*&5i*TfeD. cn&— ^-e 

a = h9 (3) 
[0 0 4 3] fct<ilkm*o -r^xsteffls^n 

;l"Z>Mi:, Hffilc<fc£ 0 LfrLenJi7^xg<0i»e5& 

[0 0 4 4] 

y = kD^ 2 (4) 

[0 0 4 5] 

-jSt)} (5) 

-6t)l (6) 
fltftttAASfctttttt-So Ch8atF?8S e tiny 
f&fmi^Wm&J&titr&lcli* a t F2>% y t F£D£> 

[0 0 4 8] 

h6>>kD 1 / 2 (7) 

[004 9] osokp^^-efswc*^ e>> 

(k/h) D 1 /2 ?«SCfc*S«Sti8o ^nr% 

mfamfrz, e^ixio^D 1 / 2 cttfT*% 
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2>o feSV^iGS (D/l O 6 ) 1/2 h*Z>o 

[0050] cfLt><Dmmz, mfi&mtiacmttmm 

WrtS-rstO'e, »«<D«ffi?B«*V fcny*<D5S£l, 

[00 5 1ima,«?S»a**0. 5nmfcfig 
"T^o (10 0) IB^6©«Sfte*^ 002.1*0. 1° 
tKt^o f7^fitt»3 0 0 nmTJ65o — 7a*B 
fi^J®^ 2 5 0 0 0 cm' 2 t-?Z> ^<Oimwm 
fi6 0/im"e$5 o CKDcfc^tC^SOteffi^feSiS 

£o KffiO^HfcS^ftB^ttT^l 0 0S<D-r^X* 
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[0 0 5 2] D = 2 5 00 0 cm- 2 ©i^ 6 = 0. 
0 9° OSfc0oa»*l:ny^«Bft(DBT«ff'5LT 
gL^^?D=3 0 00 cm- 2 ^(?)G = 0. 06 

d R/d t = a F-0R+eN 
dN/d t = y F-SN + Tj R 

awaoitoo cn«^mfc«icaMw*»»fe**^ *r = 

[0 0 5 6] 

A = (3 5 — e J] 

H 1 = 0 (aHye) F 
[0 0 5 9] $s{it<£>r!K cf H 2 fi: <S N t Tfe3^£>, 

H2 = <5 (0 y + tj a) F 
[0 0 6 0] £&& 0 fclfeRMStff^XiOH 

Q = H 1 -H 2 = {p 6 (a- y) 
[0 0 6 2] cn^OIEfetCcfc^. SbeWlcS&SJBSBS 

£Tfc£ 0 e^ijtt/JvStvzrp, ±^&£<Dte (a- 
y) T*$5o Ctl^IEJC^ScOii, a = h6, y = k D 
1/2 T*fe£fr6, 9> (k/h) D 1/2 ©R*-C**o te 



*#»»*KWT?S?av\ D= 1 000 cm- 2 (?)i^8 
= 0. 03° OSfcOOjBLttttBTttHaoECft/P?* 
Rfc, 02, H3*«»tS<:, -ooKffilil!5 0 
MmS«<0«SH^bfeoT»*«rSff-ro T^Xtf 0. 

i ooaw±icsi;**s*^o -oosffitff7x 

[0 0 5 3] fCT\ j8R«f"7XO®Jcffit)i&SnS 
ffi<D±fc»jSSft* tin ^ ^©Sf^«r3««-rs fe^ir-r 
±L'tZ><D'V$>Z>o 

[0054] £ /ceffi tiT-^ xtcit^^ t uttmrnv?} 
-cfcsfri, $aii<:i^/c^f7xgicg^ c ^ t 

-rat. *ti«raicf7xai(:}ii*n4i8?»R 

[0 0 5 5] 



(8) 
(9) 

(a 6+ y e) F/A ( 1 0) 

(]8 y + rj a) F/A (11) 
[0 0 5 7] 

(1 2) 

* [0 0 5 8] -r^XCD^^H UijS R t T*&5<7)T? (0 

R*wraT«»bfcfeoT»*^.-r< > fc:¥«ffl[K:a'rs 

CDT*j3 R t -e*4 0 ) 
t/A (13) 

t /A (14) 



40 



50 



[0 0 6 1] 

+ 0 y £-r/ a 5} Ft/A (15) 

[0 0 6 3] E»teQ#A"C*fttf. mtiHDf&mvJjtf 

ge3<7)T'fe3o CtU£e< (k/h) D l/2 <DB$T?& 
[0 0 6 4] C<D£5&fl£M^ HncW5*»Jc* 
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CO 0 6 5] 0J*.ffD=2 5 0 0 0 c nr 2 <OB$fc:«:, 0 
= 0. 0 6° T-l 0 0 0 OfKDggnr-fe&tf, 8=0. 
0 7° T 1 0 0 OffllCiStK G=0. 1 0° T'4 0«C 

c9^ft{;:j;oT?l$ec$nSo e#o. 0 7° frSf- 
J§ < "T C i; tfT'Z 3 & t o -y ^ ^itit L S 3 
[0 0 6 6] LfrU fcny^tf^ifefcofc: 

ea (k/h) d 1 /2 j:ot.*#<a^nara6*v«o 

D=2 5 0 0 0 cnr^Ctt-rSO. 20°, D = 300 
0 cm- 2 t,ctt-?%0. 0 7\ D=1 000tMt§ 
0. 0 4° It (k/h) D'/z±t)«,^:#tHB'T'*«o 
[0 0 6 7] 

&<&2>t\,^Ctl*%]<btlTtst), (100) fit) 
*UH^ftiOl/N-*«oT*f*l/- *f*»Jt-T 

[0 0 6 8] «8«lilfi©)jBfcl:ny*©4«li:tt 



(7) 12 9 112^ 

fte*««i?*#<-r* < e«^*v''„ a»tc^Rgo^v^s 

[0 0 6 9] *^t«fcoT*ja6Tx ^x/N-^r-r^rf 
iO X«rftSi-r (1 0 0) ffifcrjfiVvfrtf&l/MDT 

■t -s <fc 5 t-rsci: 

[01] lnPMfc<D±lc, InP/InGaAs/I 
[02] |H)D^{C*3V^T}fP>n/cXk!^+^-v;b^fi 

<Dg±®Tfe« i n pg<oaifflyT/i/x+, mw&w 

20 Mo 

[03] 0 2<Z>imtc:*3V>T\ Xlf ^^'>^;l/S*l^* 
Lv Sffi4BIlcn*Hube ri-yf^LftlO 

[0 4] h 5 f y*k:6»*B?OX*;l/45-tt»*St 
/^K0„ 

[0 5] JS^-r^XkHS-fefcfc*, T-vXf&tciPifrS 
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